Introduction
The assessment of left ventricular systolic function is critical to the proper evaluation and management of patients with all types of heart disease [1, 2] . The ejection fraction is a global index of left ventricular fibre shortening and the most widely used measure of left ventricular systolic function. Visual estimation of ejection fraction from a two-dimensional echocardiographic study has been shown to be a rapid, reliable and widely applicable method in a busy clinical laboratory [3] [4] [5] [6] . It has been found to correlate more closely to radionuclide angiography and ventriculography than quantitative M-mode and two-dimensional estimates of ejection fraction [3, 5] . However, little data exists regarding consistency of visual estimate of ejection fraction among interpreters. The limited data available suggests the correlation between observers to be less than perfect [3] [4] [5] . We postulate that an active echocardiographic group evolves to a standard to which interpreters cluster, with variation or 'drift' occurring at satellite sites distant from the main practice centre. Assuming that ejection fraction follows normal distribution, average ejection fraction for high volume readers in an echocardiography group should be similar.
Methods
We analysed ejection fractions (visual estimate) from 8187 transthoracic echocardiograms done between May 1997 and June 1999, which were recorded in our electronic medical record as part of echocardiogram report generation. Our reporting system requires that an ejection fraction be reported for all patients. All echocardiograms recorded were included in the analysis across the entire range of ejection fractions, except those interpreted by low-volume readers (<150 echocardiograms over this interval). These studies were read by 16 readers belonging to a single cardiology group practising at several sites. Each cardiologist read an average of 512 echocardiograms (range 158-1252) ( Table 1) . Composite and individual ejection fraction means and standard deviations were calculated. Individual ejection fraction means for each reader were compared with those of every other reader using one-way AVOVA test with Tukey post-test comparison. For example, the mean ejection fraction of the readings of reader 1 was compared with those of readers 2, 3, and so on up to reader 16. The mean ejection fraction of reader 2 was compared with those of readers 3, 4, and so on for each individual reader. This resulted in a total of 120 comparisons of the reported ejection fractions for the 16 readers.
Results
Composite mean ejection fraction was 54·17 with a standard deviation of 11·35. Mean ejection fraction varied significantly overall among readers (P<0·0001). Individual comparisons of mean ejection fraction between readers were also different, with 37 out of 120 reader-to-reader comparisons significantly different (P<0·05).
However, examination of the comparisons suggested that these differences involved only five readers. Of these five readers, four practiced at satellite sites. If these five readers were excluded from the above analysis, no significant individual differences (out of 55 comparisons) were seen (n=6202). If only the four satellite site readers were excluded, only five (out of 66) individual comparisons were significantly different (n=6915).
Discussion
Visual estimate of ejection fraction is routinely performed in all clinical echocardiographic laboratories. Yet little data exists regarding inter-observer variability. Mueller et al., compared visual estimate of the ejection fraction (60 patients) with various quantitative M-mode and two-dimensional methods, using biplane contrast ventriculography as the standard [3] . Visual estimate and M-mode measurements have the best correlation with biplane contrast ventriculography, but one of the three observers systematically estimated higher values than the other two (P= <0·01). Mueller et al. suggested that each echocardiographer should test himself/herself against a standard (e.g., biplane contrast ventriculography) in his/her laboratory in order to apply the visual method reliably. Akinboboye et al. looked at the learning curve for visual estimation of ejection fraction and found that it was rather steep, requiring only 20 echocardiographic studies if immediate feed-back was available [4] . In their study of 44 patients, Amico et al. also found that visual estimation of ejection fraction was superior to several computerized M-mode and twodimensional methods when radionuclide angiography was used as the standard [5] . But the inter-observer correlation was only moderate (r=0·77 with standard error of the estimate of 9·7%). The mean percentage difference [% difference=(first observer LVEF second observer LVEF)/(average of the first and second observer LVEFs)] between the two observers was 23 37%. The intra-observer variability was less, with r=0·92 and mean percentage difference of 1·5 12%. They suggested that visual estimation of ejection fraction would require validation in each individual laboratory and by each individual reader before it could be relied upon. They also believed that interaction among various readers in a laboratory might improve reproducibility.
Our analysis shows that the mean ejection fraction derived by a visual estimate from a two-dimensional echocardiogram is very similar for individual readers within a busy single-practice site. This suggests a selfevolved practice standard that is consistently adhered to. On the other hand, 'drift' or variability was seen at smaller satellite reading sites. We postulate that this may have been due to less exposure to the echocardiographic interpretations of other readers and fewer opportunities for discussion among readers. Other possibilities for this variation could be differences in patient population such as age, gender, presence and severity of illness, or other unrecognized factors. These differences may render our assumption of a normal distribution for ejection fraction invalid. However, all of our practice's echocardiographic laboratories are located at medical centres, which evaluate a large number of unselected patients and have invasive as well as non-invasive cardiovascular facilities available on site. We feel that it is unlikely that significant differences in patient populations are the causes for the variation in ejection fraction seen in our study. Analysis of these factors as well as consideration of validation of visually estimated ejection fractions by other methods such as nuclear imaging techniques or contrast ventriculography would be excellent subjects for future study. The results of these types of analyses may provide a useful quality assurance tool for echocardiographic laboratories, including multicentre echocardiography practices, if they validate the results of our study.
Conclusions
(1) Visual estimate of ejection fraction from a twodimensional echocardiogram evolves to a standard to which various interpreters within a busy singlepractice site cluster, with drift seen at smaller satellite sites.
(2) This type of analysis may provide a valuable quality assurance tool for echocardiographic laboratories.
